io6	MACHINE DESIGN.
a steam, hydraulic, or pneumatic cylinder. A rivet, properly placed in holes in the members to be connected, is put between the dies and pressure is applied to the piston. The movable die is forced forward and a head formed on the rivet.
The relative merits of machine- and hand-riveting have been much discussed. Either method carefully carried out will produce a good serviceable joint. If in hand-riveting the first few blows be light the rivet will not be properly upset, the shank will be loose in the hole, and a leaky rivet results. If in machine-riveting the axis of the rivet does not coincide with the axis of the dies, an off-set head results. (See Fig. 58.) In large shops where work must be turned out economically in large quantities, machines must be used. But there are always places inaccessible to machines, where the rivets must b^ driven by hand.*
63. Perforation of Plates.—Holes for the reception of rivets are usually punched, although for thick plates and very careful work they are sometimes drilled. If a row of holes be punched in a plate, and a similar row as to size and spacing be drilled in the same plate, testing to rupture will show that the punched plate is weaker than the drilled one. If the punched plate had been annealed it would have been nearly restored to the strength of the drilled one. If the holes had been punched -~ inch to J inch small in diameter and reamed to size, the plate would have been as strong as the drilled one. These facts, which have been experimentally determined, point to the following conclusions: First, punching injures the material and produces weakness. Second, the injury is due to stresses caused by the severe action of the punch, since annealing, which furnishes opportunity for equalizing of stress, restores the strength. Third, the injury is only in the immediate vicinity of the punched hole, since reaming out ~£ inch or less on a side removes all the injured material.
* See Sec. 75 for discussion of the importance of holding rivet under pressure until it is cooled; and the advantage of large rivets over small.

